The 113 I nucleus has been studied using the 58 Ni( 58 Ni,3p) reaction at 250 MeV with the Gammasphere/ Microball facility. Gamma-ray three-and four-fold data gated by charged particle combinations were analyzed. Multipolarities of the ␥ rays were assigned following the angular correlation measurements. The present study is focused on the high spin properties, where the structure is dominated by 2p-2h excitations across the Zϭ50 gap. Ten decoupled bands showing the features of smooth band termination were observed; three of those bands are linked to known low-spin states, which allows the identification of configurations by direct comparisons with configuration-dependent cranked Nilsson-Strutinsky calculations. The yrast band, which was linked along with the signature partner, was followed up to (101/2 ϩ ) and បϳ1.3 MeV. The other linked band was a negative-parity band observed up to (95/2 Ϫ ). Tentative configurations for the unlinked bands are discussed. Comparisons with the theoretical results suggest that the band built on a configuration involving the neutron i 13/2 intruder orbital originating from the Nϭ6 harmonic oscillator subshell was observed in this experiment.
I. INTRODUCTION
One of the long-standing topics in nuclear high-spin spectroscopy is the competition between collective and singleparticle degrees of freedom. Collective models successfully describe the rotation of deformed nuclei with proton and neutron numbers sufficiently far from closed shells, while the single-particle shell model has a wide application for nuclei with proton and neutron numbers near closed shells. An interplay between these two extreme models is expected in transitional regions. The current paper reports on the wealth of structure information extracted from a high-spin study of the 113 I nucleus, which has three protons and ten neutrons outside the doubly closed 100 Sn core. Nuclei near the Zϭ50 closed proton shell exhibit a novel collective structure that coexists with the expected singleparticle structure. Intruder rotational bands have recently been observed in Zϭ50-52 nuclei up to high frequencies. These collective structures involve particle-hole (2p-2h) proton excitations across the Zϭ50 shell gap from the upsloping high-K g 9/2 orbital to the downsloping low-K g 7/2 or h 11/2 orbitals, which stabilize deformed prolate rotors. As the rotational frequency and spin increase for these intruder bands, the Coriolis interaction gradually aligns the valence particles resulting in characteristic decreasing dynamic moments of inertia and quadrupole transition moments; the observed unique excitation energy vs spin curves with subtracted rotating liquid drop reference (E-E LD ) depend on the specific configuration. These structure features have been interpreted using configuration-dependent cranking calculations, which show that as the available valence nucleons outside of the ZϭNϭ50 double shell closure align, the nuclear shape gradually traces a path through the triaxial ␥ plane from a collective prolate shape (␥ϭ0°) to a noncollective oblate shape (␥ϭϩ60°) over many transitions; this feature is called ''smooth band termination.'' After the available valence particles for a specific yrast configuration have aligned, the band sequence terminates at a spin that exhausts the sum of the aligned single-particle spins consistent with the Pauli principle. The smooth band termination phenomenon described above is now well established in the Aϳ110 region and recently has been reviewed in Ref. ͓1͔. Since the success of these theoretical interpretations is related to the large shell gaps at ZϭNϭ50, it is important to explore the smooth-termination band properties for different configurations that approach the yrast line as a function of an extended Z, N region. Thus the Zϭ53 I isotopes become important in this regard. The unique feature of the Aϳ110 region relies on the fact that bands built on a specific microscopic configuration can be followed over a large spin and rotational frequency range; as an example for 113 I, band 1 is observed over a range of 38ប from spin 25/2 ϩ and ប ϳ0.35 MeV up to (101/2 ϩ ) and បϳ1.3 MeV. The 113 I nucleus is moderately deformed at low spin. At higher spin following the discussed 2p-2h proton excitations, larger deformations are achieved in the resulting 5p2h proton configurations. Ten bands built on these 2p-2h excitations are reported in the current study. Several of these structures in 113 I were first identified in Ref. ͓2͔ . The current study takes advantage of recent developments in experimental technique to substantially extend the previous results. The high sensitivity of the current experiment allowed observation of the linking transitions for three of the ten high-spin bands. For the states which form the linked bands, spins and parities can be reliably assigned. The experimental information on excitation energies, spins, and parities allows for direct comparisons with results of configuration-dependent cranked Nilsson-Strutinsky calculations discussed in Ref. ͓1͔. Experimental data and theoretical calculations were found to be in excellent agreement for the linked bands. For the unlinked bands, spin assignments and microscopic configurations are proposed based on comparisons with the theoretical results. One of the observed bands fits very well with predictions for a configuration which involves the neutron i 13/2 orbital. The intruder i 13/2 orbital originates from the Nϭ6 harmonic-oscillator subshell and is predicted in 113 I to approach the neutron Fermi level at high spin and rotational frequency. Neutron i 13/2 and proton g 9/2 orbitals are known to generate superdeformed shapes in the mass Aϳ130 region. The current paper represents the first evidence of the neutron i 13/2 orbital in the Aϳ110 region at neutron number Nϭ60. I). In order to obtain ␥-ray sum-energy and multiplicity information, the Hevimet collimators ordinarily placed in front of the Compton-suppression shields to reduce direct ␥-rays were removed for this experiment as discussed in Ref. ͓8͔ .
II. EXPERIMENTAL METHOD
Two self-supporting ϳ500 g/cm 2 stacked targets were used in the current study. The observed ␥-ray energies were corrected off-line for Doppler shifts. The Doppler correction procedure involved event-by-event reconstruction of the momentum vector for the residual nuclei based on reaction kinematics and the measured charged-particle momentum vectors ͓4͔. The average velocity of the recoiling nuclei was measured to be ␤ϳ4.5% in agreement with the value calculated based on reaction kinematics. In the 3p-gated channel, a ␥-ray energy resolution of ⌬E ␥ ϳ8 keV full width at half maximum ͑FWHM͒ at E ␥ ϳ1.3 MeV was achieved for spectra used in the final analysis. The resolution was measured using the 1331-keV transition of band 2 in 113 I to compare with the value given in Ref. ͓2͔ ͑see discussion below͒ and with the intrinsic resolution of the Ge detectors measured with a 60 Co source. For the off-line analysis, coincident events were sorted into charged-particle gated ␥-␥ matrices, ␥-␥-␥ cubes, and ␥-␥-␥-␥ hypercubes. The main part of the data analysis was carried out using the Gammasphere/Microball cube and hypercube both gated on three protons. The Microball efficiency for single proton detection measured in the present experiment was ϳ80%. It was observed that the 3p and the 2p gates contained ϳ50% and ϳ40% of the 3p channel statistics, respectively, in agreement with the estimate based on the binomial distribution. A cube including both the 3p and 2p gates was sorted and analyzed for the cases where statistics were needed. A 3p-gated cube with additional gates on ␥-ray multiplicity/sum energy and proton sum energy was also sorted with the gates optimized to reduce the 4p 112 Te channel leaking into the 3p gate. This cube was used for the cases where additional isolation was necessary. The ␥-ray spectroscopy software package RADWARE ͓9͔ was used extensively for the data analysis.
A complementary experiment with a ϳ2 mg/cm 2 thick 58 Ni backed target and with the same reaction and beam energy as in the Gammasphere run was performed using the Stony Brook TANDEM/superconducting LINAC facility and a six Compton-suppressed Ge-detector array. This backedtarget experiment provided ␥-ray coincidence data with good energy resolution, ⌬E ␥ ϳ2 keV FWHM at E ␥ ϳ1.33 MeV, with the elimination of the Doppler effect. Spectra in the backed target experiment were recorded by detectors placed approximately at Ϯ30°, Ϯ90°, and Ϯ150°with respect to the beam direction.
An angular correlation study ͓10͔ was performed for ␥-ray multipolarity assignments. An asymmetric 3p-gated matrix was sorted from the Gammasphere/Microball data with the detectors at Ͼ142°incremented on one axis and the detectors with 79°ϽϽ101°on the other axis ͑note that the forward rings of Ge detectors were replaced by neutron detectors͒. A similar matrix was sorted using backed-target Stony Brook data. DCO ratios ͓10͔ extracted for known quadrupole-dipole and quadrupole-quadrupole cascades in 113 In a number of cases, ␥-ray energies measured in the current study differ from those reported in Ref. ͓2͔ . The discrepancy seems to be more pronounced for high-energy ␥ rays observed in the thin-target experiment. The energies measured in the current study are adopted as more reliable because of the improved resolution FWHMϳ8 keV at E ␥ ϳ1.3 MeV compared to the FWHMϳ10 keV reported in Ref. ͓2͔; the good energy resolution in this thin-target experiment was achieved because of the improved Doppler correction procedure using the Microball array and the better angular granularity provided by the detector segmentation in the Gammasphere array.
III. EXPERIMENTAL RESULTS
Ten decoupled ⌬Iϭ2 bands observed up to high spins in 113 I are shown in Fig. 1 . Stretched E2 multipolarity for the intraband transitions is assumed following the rotational character of these bands. Experimental information presented in the current paper on states with spin Iр55/2 is limited to what is relevant for the discussion of the high-spin properties of 113 I. A partial level scheme of 113 I, showing the bands at low spin together with the linking transitions for bands 1, 2, and 3, is shown in Fig. 2 . Information about energies, intensities, DCO ratios, proposed multipolarities of the ␥-ray transitions, and spin assignments for excited levels in 113 I is summarized in Table I . Information about band intensities at E ␥ ϳ1.6 MeV is summarized in Table II . The details are discussed below.
A. Bands a, b, y, and s
The part of the 113 I level scheme including the onequasiparticle band y and three-quasiparticle band s which form the yrast line in the low-spin region agrees with the results of the previous study ͓2͔. The spins for the yrast states were adopted from the tentative assignment given in Nuclear Data Sheets ͓13͔ and systematics of the odd-A 53 I isotopes ͓14͔. These assignments are supported by the theoretical interpretation of the yrast bands in odd-A 53 I nuclei at low excitation energy as being based on the low-K h 11/2 orbital. These adopted spins are consistent with the results of the DCO analysis for the ␥-ray transitions in bands y and s. The arguments listed above assign spin 11/2 Ϫ to the bandhead of band y.
Stretched E1 and stretched E2 multipolarity proposed in Ref. ͓2͔ for the 388-keV transition which depopulates the 11/2 Ϫ bandhead of band y, and subsequent 629-keV transition, respectively, are consistent with the results of the DCO analysis in the current study. These assignments imply I ϭ5/2 ϩ for the lowest-energy state observed in the experiment. This result agrees with the systematics of the groundstate spins for odd-A 53 I isotopes, I ϭ5/2 ϩ for Nр74. The results of the current DCO analysis are also consistent with a stretched E1 multipolarity for the 180-keV transition depopulating the bandhead of band y, which results in a stretched E2 multipolarity for the subsequent 838-keV transition to the 5/2 ϩ ground state. The DCO ratio measured in the current backed target experiment for the 264-keV ␥ ray depopulating the 11/2 bandhead of band y is consistent with an I i ϭI f E1 multipolarity, rather than with the stretched E1 multipolarity of Ref. ͓2͔. Therefore a 11/2 ϩ assignment rather than 9/2 ϩ is proposed for the first excited state of band a. The 753-keV transition reported in Ref. ͓2͔ between this state and the ground state was not observed in the current experiment. The DCO ratio for the 690-keV transition depopulating the 11/2 ϩ state of band a, measured using a gate on the 531-keV transition of band y, is consistent with stretched E2 multipolarity for the 690-keV ␥ ray and spin 7/2 ϩ for the bandhead of band a. DCO analysis for the 690-, 863-, and 1068-keV ␥ rays of band a performed using spectra from the thin-target experiment gated on the 884-keV transition yields stretched E2 multipolarity for all band members. Band a was not reported in Ref. ϩ was adopted for the bandhead following the tentative assignment given in Nuclear Data Sheets ͓13͔ and the systematics of odd-A 53 I isotopes ͓14͔. This assignment is supported by the theoretical interpretation of the corresponding bands in odd-A 53 I isotopes at low spin as being built on the high-K g 9/2 Ϫ1 orbital. The spins for the band members were assigned following the strongly coupled ⌬Iϭ1 character of the band, supported by the observation of the E2 crossover transitions; these assignments are further confirmed by the comparison with the systematics of corresponding bands in odd-A 53 I isotopes ͓14͔. The DCO analysis for the transitions of band b is hindered due the fact that many of the ␥ rays in the band are very close in energy and that the band was populated with less intensity than other bands at low spin. The DCO ratios for the group of the ␥ rays with energy ϳ744 keV extracted from the gate set on ϳ744ϪkeV transitions are consistent with the stretched E2 crossovers. The DCO ratios measured for the 345-, 360-, ϳ373ϪkeV transitions in the ϳ744ϪkeV gate are consistent with an M 1/E2 multipolarity. These conclusions are further supported by additional DCO-ratio measurements with gates set on the mixed M 1/E2 transitions of band b ͑the results of these measurements are not listed in Table I͒ .
B. Bands 1 and 2
Experimental spectra for bands 1 and 2 are shown in Fig. 3 . Both bands were reported as unlinked bands 1 and 2 in Ref. ͓2͔ with slightly different ␥-ray energies. The possible origin of this difference is discussed in Sec. II. Compared to the previous study, bands 1 and 2 were extended to higher spin by one and two transitions, respectively. Good sensitivity of the current thin-target data set resulted in the identification of a number of transitions which extends both bands to lower spins. The fact that the bands could be followed down in spin was essential for linking them to the ground state.
Band 2 decays mainly to the low-spin positive-parity band a, as shown in Fig. 2 and in the lower panel of Fig. 3 . The spectrum shown in the lower panel of Fig. 3 also indicates the existence of the linking transitions between band 2 and band b. Three interband ␥ rays with energies 423, 831, and 849 keV were isolated between band 2 and band b using double and triple gating. The agreement between energy sums for the various decay paths observed in the feeding out of band 2 confirms both the linking of band 2 to the ground state and the decay scheme deduced for band b. In addition to the links discussed above, a decay path between band 2 and band y exists, as implied by the spectrum shown in the lower panel of Fig. 3 . Despite various gating attempts this decay path was not identified in the current study.
DCO analyses for intraband transitions of band 2 were performed using the thin-target data set. Stretched E2 multipolarities for the 686-, 765-, 922-, and 1004-keV ␥ rays are consistent with the DCO ratios extracted in the 842-keV gate. Spin assignments and positive parity as shown in Fig. 2 are proposed for band 2. The decay of band 2 to band b can be explained by the close proximity of the 35/2 ϩ band members, which are observed to be only 8 keV apart. In the current study, linking transitions between band 2 and band b are understood as a consequence of the accidental mixing of these 35/2 ϩ states which are built on different single-particle configurations. From the relative level energies it is inferred that the strength of the residual interaction which admix bands 2 and b is less then 4 keV. This small interaction strength is consistent with the observation that no other levels of bands 2 and b are admixed except for the two 35/2 ϩ states.
Band 1, which becomes yrast above spin ϳ30 ប, is the most intense high-spin band observed in the current study ͑see Fig. 3 and Table II͒ . The decay out of band 1, however, contrary to the decay of band 2, is fragmented at low spin over a number of parallel paths. The spectrum shown in Fig. 4 defines the existence of a 589-keV linking transition between bands 1 and 2. The other identified links are a 616-keV transition between bands 1 and 2, and 506-and 983-keV transitions between bands 1 and b. The spectrum in the upper panel of Fig. 3 shows that band 1 has significant decay to band y, although these paths were not resolved in the current study.
Interband transitions which link band 1 to band 2 near spin I ϳ45/2 ϩ suggest that these could be signature partners. The spin and parity assignments given to band 1, that are based on this assumption, are presented in Fig. 2 . As a consequence of the close proximity of the 41/2 ϩ and 45/2 ϩ states of bands 1 and b, additional linking is observed between bands 1 and b because of accidental mixing. An interaction between these states, which are 33 and 16 keV apart, respectively, results in the 506-keV and 983-keV interband transitions. The strength of the residual interaction, which is less then 8 keV as deduced from the relative energies of the 45/2 ϩ states, compares well with the related strength for bands 2 and b at spin 35/2 ϩ . This observations give additional confidence to the positive parity and the spins assigned for band 1 in the current study. FIG. 3 . Experimental spectra presenting bands 1 ͑top͒ and 2 ͑bottom͒. Double gates set on the 3p-gated cube were summed to increase the statistics. An experimental spectrum presenting band 3 is shown in Fig. 5 . Band 3 of the current study was reported as the linked band 3 in Ref. ͓2͔, although the decay scheme and spin assignment proposed there does not fully agree with the current results. At spins I ϳ31/2 Ϫ , the current decay scheme is confirmed by a number of transitions observed between band 3 and bands s and y ͑see Fig. 2͒ , which were isolated using double and triple gating. At higher spins ͑see Fig. 1͒ , the results of three-and four-fold analysis suggest the existence of a triplet at energies 1434, 1439, and 1443 keV, rather than a doublet at 1432 and 1441 keV, as proposed in Ref. ͓2͔. This conclusion is further supported by the large intensity observed in the peak at energy ϳ1440 keV in the spectrum shown in Fig. 5 .
The negative parity and spin assignments for states of band 3 are a consequence of the negative parity and spin assignments for bands y and s. Indeed, the cascade of 715-, 756-, 706-, and 849-keV ␥ rays, which involves two transitions of band 3, is observed between the 35/2 Ϫ state of band s and the 19/2 Ϫ state of band y, implying that each of the transitions has stretched E2 multipolarity. This conclusion is supported by the DCO ratios measured for the 706-, 715-, and 849-keV ␥ rays. The results of the DCO analysis are consistent with stretched E2 multipolarity for the 867-, 902-, and 983-keV transitions of band 3 above the 31/2 Ϫ state.
D. Unlinked bands 4-10
Experimental spectra representing bands 4-10 are shown in Figs The level scheme shown in Fig. 1 , as well as spectra shown in Figs. 6-12, indicate that the decay out of the lower part of the bands is fragmented over a number of parallel paths. These paths are below the detection sensitivity of the current data set; as a consequence, no discrete transitions were found to link bands 4-10 to the ground state. The data also indicate preferential decay of bands 4-10 to bands s and y.
The spin assignment for band 5 is based on the theoretical arguments discussed in Sec. IV C which suggest that bands 3 and 5 at high spin are signature partners. Experimentally this conclusion is supported by the comparable intensities observed for bands 3 and 5 ͑see Table II͒ and The pairing interactions are not accounted for in these calculations, therefore comparisons are valid at high spin above Iϳ30 ប, where pairing is expected to play a minor role. It is shown in Sec. IV F, however, that comparisons are still meaningful at moderate spin Iϳ20 ប. Calculated yrast and near-yrast bands are presented in Fig. 13 with E-E LD vs angular momentum I plots as defined in Ref. ͓1͔. The four panels correspond to the four possible combinations of parity and signature quantum numbers. The configurations for the bands are marked on the plots following the ͓ p 1 p 2 ,n 1 (n 2 n 3 )͔ notation, where p 1 is the number of g 9/2 proton holes, p 2 is the number of h 11/2 protons, n 1 is the number of h 11/2 neutrons, n 2 is a number of g 9/2 or f 7/2 neutrons, and n 3 is the number of i 13/2 neutrons. The only observed band with configurations involving the orbitals labeled by n 2 and n 3 is band 10, which possibly has i 13/2 orbital, therefore in the discussion below the notation is abbreviated to ͓ p 1 p 2 ,n 1 ͔ for bands 1-9. The details of the configuration assignments summarized in Table III are discussed below.
A. Bands 1 and 2
Band 1 and band 2 at high spin are identified with the favored signature and unfavored signature of the ͓22,4͔ configuration, respectively. This configuration is predicted to be yrast around spin ϳ50 ប. The detailed comparisons between calculated and observed energies for states of bands 1 and 2 are shown in Fig. 14 ϩ state of band 1. The arbitrary shift is made because the calculations without pairing are not meant to reproduce the properties of the experimental ground state. The shapes of the E-E LD vs I curves for both bands 1 and 2 above spin ϳ30 ប are reproduced remarkably well; with this arbitrary shift band 2 has a ϳϪ0.5 MeV offset. The positions of the minima for the experimental curves are reproduced with an accuracy better than 1 ប. Calculations indicate that both bands are observed up to two transitions below the terminating states. As expected, energies for the levels with spin lower than ϳ30 ប, which are calculated without the pairing interactions, deviate from those observed in experiment.
Experimental and calculated dynamic moments of inertia for bands 1 and 2, together with the rotating liquid drop moment of inertia for 113 I, are shown in Fig. 15 . There is no evidence for any sharp backbend at rotational frequencies between បϭ0.5 and បϭ1.3 MeV. Moments of inertia for bands 1 and 2 decrease gradually with increasing rotational frequency. At high spin, the dynamic moment of inertia reaches the value equal to approximately half of the value predicted for a rotating liquid drop moment of inertia. This behavior is a characteristic feature of smooth band termination in the mass Aϳ110 region. The calculations reproduce the experimental trends with remarkable accuracy.
The transition quadrupole moments (Q t ) calculated according to Eqs. 67 and 69 of Ref. ͓1͔ for the ͓22,4͔ configu- FIG. 10 . Experimental spectrum presenting band 8. Double gates set on the 3p-gated cube were summed to increase the statistics.
FIG. 11. Experimental spectrum presenting band 9. Double gates set on the 3p-gated cube were summed to increase the statistics.
ration as a function of angular momentum are shown in the upper panel of Fig. 16 . The decreasing trend observed for Q t as angular momentum increases is explained by the gradual change of the nuclear shape documented on the lower panel of Fig. 16 , where a continuous transition in the triaxial plane from the prolate collective (␥ϭ0°) towards the oblate noncollective (␥ϭ60°) axis is observed.
B. Band 3
Band 3 at high spin is identified with the favored signature of the ͓22,3͔ configuration which is predicted to be yrast around spin ϳ45 ប. A detailed comparison between calculated and observed energies for states of band 3 is shown in the upper panel of Fig. 17 . The calculated energies were kept at the same arbitrary shift as applied in Fig. 14 to the ͓22,4͔ configuration. The agreement of the E-E LD vs I shapes above spin ϳ30 ប is remarkably good; the ϳ0.5 MeV offset involves the arbitrary shift of the calculated energies. The position of the minimum for the experimental curve is reproduced with accuracy better than 1 ប. According to the calculation, band 3 is observed up to three transitions below the terminating state.
The calculations indicate that at spin 63/2 Ϫ the band built on the favored signature of the ͓22,3͔ configuration is crossed by the band built on the ͓00,3͔ configuration. Below spin ϳ30 ប, the data points for band 3 shown in Fig. 17 deviate from those calculated for the ͓22,3͔ configuration more than expected from the analogous comparison for bands 1 and 2 ͑see Fig. 14͒ . Band 3 at low spin is interpreted therefore as being built on a configuration which does not involve particle-hole excitation across the Zϭ50 shell gap, but is built instead on a positive-parity proton and three h 11/2 neutrons. The crossing with a more deformed band is indeed observed at spin ϳ67/2 Ϫ and បϳ0.7 MeV as indicated by the sudden increase in the kinematic moment of inertia and large fluctuations in the dynamic moment of inertia shown in the lower panel of Fig. 17 . At higher rotational frequencies, the observed decrease of both kinematic and dynamic moments of inertia is consistent with the smooth band termination interpretation as discussed for bands 1 and 2. The trend observed for the dynamic moment of inertia is in very good agreement with the calculations presented in Fig. 15 . The kink observed for the dynamic moment of inertia between បϭ1.0 and បϭ1.1 MeV is caused by the accidental mixing observed at spin 87/2 Ϫ , see Fig. 1 . The Q t values calculated for the ͓22,3͔ and ͓00,3͔ configurations as a function of angular momentum are shown in the upper panel of Fig. 16 . For both configurations the decreasing trend is observed as the angular momentum increases, which is expected from the analysis of calculated nuclear shapes shown in the lower panel of Fig. 16 . The transition quadrupole moments and quadrupole deformations are predicted to be smaller for the ͓00,3͔ configuration than for the ͓22,3͔ and ͓22,4͔ configurations where large deformation is induced by the 2p-2h excitation across the Zϭ50 shell gap. The smaller value of the terminating state spin for ͓00,3͔ as compared to those for ͓22,3͔ and ͓22,4͔ configurations is a consequence of the limited valence space for 0p-0h compared to that for 2p-2h configurations. The E2 transition lifetimes were calculated for band 3 using experimental ␥-ray energies and the Q t for the ͓22,3͔ configuration for states with spin I у71/2 Ϫ and Q t for the ͓00,3͔ configuration for states with spin I р59/2 Ϫ . The smaller transition quadrupole moment for the ͓00,3͔ configuration compared to those for to the configurations involving 2p-2h excitations results in lifetimes at spin ϳ26 ប which are by a factor ϳ3 longer for band 3 compared to those for corresponding states in bands 1 and 2. The proposed ͓00,3͔ and ͓22,3͔ crossing for band 3 could be tested experimentally through lifetimes measurements using the Doppler shift attenuation method.
C. Bands 4, 5, and 6
The good agreement between the data and the calculations for the linked bands, especially the excellent predictions for the position and the curvature near the minima of the E-E LD plots, encourages speculation on configuration assignments for the unlinked bands 4-6 based on the theoretical predictions. For spins ϳ45 ប, the calculation predicts four bands with the ͓22,3͔ configuration to exist close to the yrast line ͑see Fig. 13͒ . These four configurations result from four possible couplings of the two signatures of the proton (g 9/2 ) Ϫ2 (h 11/2 ) 2 configurations with the two signatures of the (h 11/2 ) 3 neutron configurations. The two signatures of the proton and two signature of the neutron configurations originate from the occupation of two signatures of the positiveparity (d 5/2 g 7/2 ) orbital. In this sense, four ͓22,3͔ configurations can be called signature partners. The lowest-energy, negative-signature ͓22,3͔ band was identified in this experiment as band 3 at high spin ͑see Sec. IV B͒. The spin and parity assignments proposed for bands 4 and 5 in the current study ͑see Fig. 1͒ are based on the assumption that these bands are built on the other signature of the ͓22,3͔ configuration. This assignment is rather unique since these bands have the same parity and signature as discussed in Sec. III D and are among the strongest bands observed in the experiment ͑see Table II͒ . Bands 6 and 7 with comparable intensities ͑see Table II͒ are likely candidates for the remaining nonyrast ͓22,3͔ band; significantly better agreement between the ͓22,3͔ calculation and experimental data is observed, however, for band 6. Figure 18 shows the comparison between experimental and calculated level energies for bands 3-6 with the spin assignments proposed in Fig. 1 . The positions of the minima are well reproduced for all four ͓22,3͔ bands. Note that the absolute excitation energy, and as a consequence signature splittings, are not known for these unlinked bands. The absolute energies of the lowest observed levels for bands 5 and 6 were adjusted to reproduce approximately the calculated level energies around spin ϳ30 ប. The relative energy be- tween bands 4 and 5 are determined by their cross talk. Dynamic moments of inertia calculated for bands 4-6 with the ͓22,3͔ configuration assignment are in good agreement with the experimental data as presented in Fig. 15 .
The trend observed in Fig. 18 for bands 4-6 below spin 30 ប differs from that for band 3. The shape of the experimental E-E LD curve for band 3 suggests a crossing between the ͓00,3͔ and the lowest energy ͓22,3͔ configuration, as discussed in Sec. IV B. There is no experimental evidence for such crossings in bands 4-6, and it is observed that levels of bands 4-6 become very nonyrast below spin 30 ប with respect to levels of band 3. The crossing between the ͓00,3͔ and the favored ͓22,3͔ configuration seems therefore to be a coincidence which allows the band built on the 2p-2h excitation to be linked to the band with the 0p-0h excitation and, as a consequence, to the ground state. The decay-out transitions from bands 4-6, on the other hand, are observed to be very fragmented at spins Iр30 and, as a consequence, are difficult to identify.
D. Bands 7, 8, and 9
For the unlinked bands 7, 8, and 9, configurations can again be proposed based on favorable theoretical comparisons as discussed above. Figure 19 shows the comparison between experimental and calculated level energies for bands 7-9 with the spin assignments proposed in Fig. 1 . Bands 7 and 8 are in good agreement with calculations for the ͓21,3͔ and ͓21,4͔ configurations, respectively. This assignment is further supported by the good agreement between calculated and experimental dynamic moments of inertia presented in Fig. 15 . Configurations involving (h 11/2 ) 3 and (h 11/2 ) 4 neutrons are the basis of intense, linked bands 1-3 and are expected to be favored in 113 I at high spin. The proton configurations of bands 7 and 8 differ from those of bands 1-3 by the occupation of a positive-parity (d 5/2 g 7/2 ) orbital rather than one of the negative-parity h 11/2 orbitals. The low intensity observed in the nonyrast bands 7 and 8 suggest that the position of the proton Fermi level for Zϭ53 at high spin favors configurations with (h 11/2 ) 2 over (h 11/2 ) 1 protons.
For band 9, which is proposed as built on the unfavored signature of the ͓21,3͔ configuration, the position of the minimum on the E-E LD plot is reproduced reasonably well, although a significant discrepancy between the data and the calculations is observed just below the minimum, at spin 35 ប, rather than below spin ϳ30 ប as observed for other bands. An alternative assignment investigated for band 9 is the ͓22,2͔ configuration with spin (57/2 ϩ ) for the lowest state observed in the experiment. The agreement between the calculation and experimental data is comparable for both assignments. It should be noted, that with the discussed configuration assignments, the parity proposed for bands 7 and 9 in the current study is positive; both bands, however, are observed to decay to the negative parity yrast bands y and s rather than to positive parity bands a or b ͑see Figs. 9 and 11͒. For the above reasons, these configurations possibilities should be considered somewhat speculative.
Configurations proposed for bands 7-9 when drawn as in Fig. 13 are 1-1.5 MeV above the lowest 2p-2h excitations. There are other bands at a similar energy which are not calculated at present, built, for example, on configurations which involve the unfavored signature when there are an odd number of h 11/2 protons or neutrons. The signature splitting for the h 11/2 orbitals in 113 I is around 1-1.5 MeV. Thus configurations discussed above for bands 7-9 should be considered as suggestions only.
E. Band 10
The maximum of the intensity profile for a band indicates the frequency at which the band is near the yrast line. In the current study, the intensity profile observed for band 10 peaks at បϳ1 MeV ͑see Fig. 12͒ ; no other band has a maximum at such a high frequency. Band 10 is observed to decay out rapidly at a frequency around បϳ0.8 MeV. This suggests that band 10 is yrast in the highest frequency range observed in the experiment and yet decays out and becomes nonyrast still at a very high frequency. According to calculations presented in Fig. 13 , the yrast configurations at spin ϳ50 ប involve a positive-parity i 13/2 intruder neutron orbital, which originates from the Nϭ6 harmonic-oscillator subshell. The intensity profile observed for band 10 suggests that this band may involve the i 13/2 orbital.
The dynamic moment of inertia observed for band 10 decreases as a function of rotational frequency, as shown in Fig. 15 , in agreement with the trend expected for smooth band termination. It consequently stays, however, larger than the dynamic moments of inertia observed for bands 1-3, by a factor of ϳ20% below បϭ1.0 MeV, and by a factor of ϳ10% between បϭ1.0 and បϭ1.2 MeV. This observation is consistent with a higher deformation for band 10 with respect to the deformation of bands 1-3, in agreement with expectations for bands involving a deformation-driving i 13/2 neutron.
The considered 2p-2h configurations without the i 13/2 orbital have minima on the E-E LD plot below spin ϳ45 ប as shown in Fig. 13 . A spin of at least ϳ35 ប has to be assigned to the lowest observed state in band 10 to achieve a decreasing E-E LD trend with increasing spin below the minimum on FIG. 19 . Comparison between experimental and calculated E-E LD energies as a function of angular momentum for bands 7-9. Unknown absolute excitation energies for unlinked bands 7-9 were adjusted to be in approximate agreement with calculations at the minimum of corresponding E-E LD curves.
the E-E LD plot, which is a feature observed for all other bands. With such an assignment, the minimum on the E-E LD plot for band 10 is at spin ϳ50 ប or higher. This strongly supports the configuration assignment including a i 13/2 orbital for band 10. Figure 20 shows the experimental energies for the states of band 10 with the spin assignments proposed in Fig. 1 to be in very good agreement with those calculated for the favored signature of the ͓22,3͑01͔͒ configuration. The ͓22,3͔ portion of the configuration is favored for 113 I as discussed for bands 1-6. Band 10 with this interpretation is the first observed band built on configuration including i 13/2 neutron reported in the Aϳ110 mass region and is closely related to the superdeformed bands in the Aϳ130 mass region.
F. Bands s and b
The negative parity one-quasiparticle band y is built on h 11/2 orbital as discussed in Sec. III A. The threequasiparticle band s is an extension of band y after the alignment of an h 11/2 neutron pair. The frequency of the alignment, បϳ0.35 MeV, is well reproduced by cranked Woods-Saxon calculations which include pairing. The lowspin bands are not expected to involve 2p-2h excitation; therefore a ͓01,2͔ configuration assignment is proposed for band s. This configuration is the calculated yrast 0p-0h configuration around Iϳ25, as shown in Fig. 13 . The comparison between the calculation and the experimental data for band s presented in Fig. 20 indicates that the unpaired cranked Nilsson-Strutinsky approach can still be applied to states with medium spins Iϳ20 ប. Indeed, both the energy of band s relative to the 2p-2h band 1, as well as the position of the minimum on the E-E LD plot is reproduced with good accuracy. According to the calculations, band s is observed up to one level below the predicted terminating state with spin 67/2 Ϫ . The positive parity band b at low spin is built on a g 9/2 Ϫ1 orbital as discussed in Sec. III A. The back bending observed for band b at បϳ0.35 MeV is attributed to h 11/2 pair alignment. The ͓12,2͔ configuration is expected for band b at high spin after the proton h 11/2 alignment. This configuration is calculated to be nonyrast as shown in Fig. 13 and indeed the intensity of band b decreases rapidly after the neutron alignment. A comparison between the calculated and experimental level energies for band b is shown in Fig. 20 . The experimental data at the highest spin values show the decreasing E-E LD trend as a function of spin, although the intensity in band b is lost at spins Iϳ25, significantly lower than Iϳ35 ប where the E-E LD minimum is predicted for the ͓12,2͔ configuration.
V. SUMMARY
The structure of 113 I has been investigated at high spin following the 58 Ni( 58 Ni,3p) reaction. The extensive collective behavior found, was dominated by decoupled rotational bands with significant deformations induced by 2p-2h excitations across the Zϭ50 shell gap. Ten such bands were observed, compared to five known from the previous study. For three of the ten bands, linking transitions were detected and spins and parities were reliably assigned. The experimental data were compared to calculations based on the configuration-dependent cranked Nilsson-Strutinsky approach. The resulting configuration assignments are unique for the linked bands, while for the unlinked bands, spin and parity assignments were proposed based on these comparisons. The properties of the strongest bands 1-6 were reproduced remarkably well with the six 2p-2h configurations calculated to be lowest in energy at high spin ͑ϳ45 ប͒. The good agreement achieved for the 0p-0h bands suggest that the unpaired cranked Nilsson-Strutinsky approach can be applied with reasonable accuracy at moderate spin, Iϳ20. The current results suggest that the position of the proton Fermi level at high spin in 113 I favors configurations with g 9/2 Ϫ2 h 11/2 2 , while configurations with h 11/2 3 or h 11/2 4 neutrons are about equally favored by the position of the neutron Fermi level. Arguments were presented for one of the 2p-2h bands to involve an intruder neutron i 13/2 orbital, which originates from the Nϭ6 harmonic-oscillator subshell. This orbital approaches the neutron Fermi level at the highest observed spin and rotational frequency. The current study presents the first evidence for the observation of an i 13/2 neutron orbital in the Aϳ110 mass region.
